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A piano keyboard computer includes a piano-type keyboard
adjacent to a display screen. The system allows music tutori-
als, visualizations and other applications. A docking system
allows additional devices to be placed on, adjacent to, or near
the piano keyboard computer. The additional device then
communicates with the piano keyboard computer to add func-
tionality such as additional speakers, controllers, etc. The
piano keyboard computer can act as a controller for other
devices.
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2. Function List

msl_ClientOpen()
msl_ProcessCallback()
msl_PortRegister()
msl|_Activiate()
msl_ClientClose()
msl|_RevMIDICallback()

msl_SendMidiLongMessage()
msl_SendMidiShortMessage()

3. Typedef

Audio

typedef int (*mslProcessCallback) (int frames, void *data);
typedef int (*msIRevMidiCallback) (msl_port_t * port, unit8_t* midi_data, int length)
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4. Functions
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callback_func)
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client
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msl|_PortRegister

msl_port_t* msl_PortRegister (msl_dient_t* client, const char* name, int
type, int direction)
MIDI Port  Audio Port p—

client

name

type MslPortTypeAudio Audio
MslPortTypeMidiNsx  NSX  Midi ———
MslPortTypeMidiKeyBoard ~ Midi
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NULL: ——

msl_Activate

— int msl_Activate (msl_client_t *client)




U.S. Patent

Oct. 20, 2015 Sheet 38 of 48 US 9,165,476 B2

Figure 38

MIDI,Audio Callback

client

NULL:—
NULL—/—

msl_ClientClose

int ms|_ClientClose (msl_client t *client)

Sound

client

NULL.—
NULL——=

msl_RcvMidiCallback
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msl_sendMidiLongMessage

int msl_SendMidiLongMessage (msl_client t *client, msl_port t*
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client

port

midi_data

length

NULL:—
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Figure 39

p— int msl_SendMidiShortMessage (msl_client_t *client, msl_port_t* port
unit32_t midi_data)

MIDI
p— client —
port MIDI ——— Port
midi_data LSB MIDl —
— NULL:—
NULL: ——

5. CallbackFunction
typedef int (*MalProcessCallback) (int nframes, void *data);

Rendering

nframes Rendering———

data —— Audio —— Buffer
p— NULL:—

NULL: ——

typedef int (*MalRevMidiCallback) ( msl_port_t * port, unit8_t* midi_data),
int length)
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midi_data MIDI
length MIDI Data ——
NULL: —

NULL —

6. Pending ltem
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MIDI Timestamp

USB MIDI, USB Audio



US 9,165,476 B2

Sheet 40 of 48

Oct. 20, 2015

U.S. Patent

""'Vr

AL

apop\ padoog jeulbuQ
apo Aeld aisse|D

ot @inbi4



US 9,165,476 B2

Sheet 41 of 48

Oct. 20, 2015

U.S. Patent

apouw abesn siy) Aq poziwndo ale seIswed) <<<

Jybnoua pnoj < Aejdsip puiyaq siayeads< ¢

(aumea) Buidde ol

ajepowwodae) skay jsuiebe Jybu Aejdsip Buiyolep g

£Ppno| sasJaA punos Aljenb ybiH g

(1sheid ¥

spuey Bulnden) selawed Y104 Jo) sasus| 8|bue spIpp ¥

(suonouny 19|ge) ybnoy

oiseq ‘Buife|d pspuey om|) ss|bue [je ul Ajljigels 1eals) ‘¢
(soa1Bap 09- 01 G+) sa|bue Aejdsip Jo aburl spIp) "2
(sAay) 1suiebe 1yB1 Aejdsiq) ainjeay Buiddepiouipy © L

S3HNLVYIH4 AdVINIE

yonoy 1sisal 01 Aejdsip 1Sngo. pue a|ge1s |

S3ONITIVHO

Buiniyoly
Bulwen "¢
Buiseyoind ‘Bulieys ¢

Buisodwon ‘Buionoe.d ‘Buiuies) Buikeld |

SHUSVL AdVNIYd

apow 8|genod

/\/ $10]95UU0D

===
nHL. Joyeadsg

ﬂ elawe)

ay ledisAyd uo spuey psjwi| ‘puey |
.G ~ BuiAe|d a1sse|n

g ([eybip uo puey | ‘gy [eoisAyd puey |
.,09° ~ BuiAe|d pspuey om |

AAON AV1d DISSY10

L @anbi4



U.S. Patent Oct. 20, 2015 Sheet 42 of 48 US 9,165,476 B2

Social Mode

Figure 42



US 9,165,476 B2

Sheet 43 of 48

Oct. 20, 2015

U.S. Patent

a|6ue asou Japun < Buliane|l AiaA Jou s| 8|bue elswe) '
punNoOs pnoj 10} UOIRD0| Jayeads ¢
(eumes) Buiddep/iodp
UOIEO0| JOIO8ULOD SBALIP SPOIA [BID0S <<< s1epowLIodoR) sAsy 1suiebe 1ybu Aeidsip Buiyoieiy “z
UOIE0| J0)0BUUOYD "]

SIADNITIVHO
Bueys 9
(Buisodw o) Buisssidx] ‘g

pnoj saslaa punos Alllenp YbiH ‘v (sdde wojsno
(s19held yioq yum aoselsiul pue gy [eoisAyd yiog Aeid) ueisniy aAI v
Buliniden) selowen Y1og Jo) sosus 91buy SpIAA ‘€ (@edwos) bulwen ‘¢
(shey 1suiebe bl Aeidsiq) sines Buiddep/Jouny 'z WOo0J 9U0 Ul $996004 JO pueqg g
Ae|dsip uado aa.1b6sp 0g| | (1enp) Jauyieboy bBuihe|d |
S3dNLVY3d AdVYINIEd SMSVYL AdVINIdd

apow UedIsny PEN opo Buike|d [e100S

JA0ON TvIO0S
¢ ainbiy



U.S. Patent Oct. 20, 2015 Sheet 44 of 48 US 9,165,476 B2

=
jad

S
&4



US 9,165,476 B2

Sheet 45 of 48

Oct. 20, 2015

U.S. Patent

uoIEI0| Joxeads 9|qissod SOALIP SPOIA 19I0.] <<< £9|qenoLod ‘a|gel syl 4o ybiH ‘v
‘papaau SI JBA0D ‘Yydaw Bulpis J| ¢

£ uoneoso| Joyeadsg ‘g

wisiueyosw Bulpls Jo Buibuly xsjdwo) °|

SIADNITIVHOD
(rews) suonoung 19|ge L plepuess ‘v
MBIA UIYD JSpuUN 1ng ‘9|gISSO0o. Ble selawe) ‘¢ Buiniyosy ‘¢
punos Ajenb jusoseq 'z (o1snW Jor09sIp ‘sdde g $8109s mau Ang) Buiseydind ‘g
(youloiul Buismolg ‘pleoghay |eybIp) suonound 19|gel | (yoogeoe4 oy peojdn) Buleys |
SIHUNLYIA AV SHSV.L AdVINIYd
SpoN 18|ge |
¢ 7 — Pﬂ
.08
08l @

(epow Aseruey Jo Aiepuooss) 3QOW 1379Y.L

G 8anbBi4



US 9,165,476 B2

Sheet 46 of 48

Oct. 20, 2015

U.S. Patent

@ ﬁ m U JUSIUOD JO
m JAuenb jo uondwnsuog/Buimsin oIl AL 'L

PUIY JBUAA ¢8|gelIS8p punos ‘¢
SIHNLVYId AdVYINIEd
£9IqeaIsap siy} si ‘uondwnsuog
aAIssed sajowoud spop ‘g
(usju09 Buiuesns
‘uone.nbiuoo sy ol ‘eiopued 01 Buiuasi))
801ABP P|O] 0] 1|N2ILIP 8g AR “ | uondwnsuog sAIssed ‘|

SNOILVY3AISNOD SMSVL AdVINIAd

awi| sbesn
%
0

&
(0)5
Q AV1dSIa + 13719v.L
=

AV1dSIA + 1379V | uoneinbiuuod jeuonippy
9y ainbi4




US 9,165,476 B2

Sheet 47 of 48

Oct. 20, 2015

ybiay dn
PaXoB]S 0] dANISUSS S| solwouobig ¢
‘wisiueyaaw Buiplis Jo abuiy
10 AJIxa|dwoD sasealoul 8poy ‘S
£9POW SIY] Ul SBIBWED pasu am 0 g
Juains Ajuo ssuoydpeay aie 1o
‘DpoLU SIY] Ul Sioxeads pasu am 0o "L

SNOILYH3dISNOD

apow
19|qe | AQ UBALIP UOIEDO| Joyeads

"@pOoLU SIY} Ul paulejuleLwl aq

0] siuem aines) Buiddew/iouny "€
‘punos

Aujenb ybiy/pno| saanbal Spo g

SBIOWR) JO SN 9yBW 0] 1S90 MOH |

SNOILVH3dISNOD

Spou 1vID0S
AQ USALID UONBIO| JOIDBULOY)

swi] abesn O\ om
0]

|B100S

(Ayjenb punos siamoj
Allenuaiod pue yidop soseasoul)
puIyaq Jo (Yipim sasealoul)
S8pIS ay) Uo aq jsnw sioyeads
"9l ‘au0z Jusuodw oo paldLIsal
sa)ealo aimes| bBuiddewyouy g
;s9]Bue snouea ul Ae(dsip Jo
Aujigeis aunsus 01 (s ued enxs)
uoddns jeuonippe pasu am o ‘|

SNOILVH3dISNOD

apow J|SSY1D 40} paziwndo
au0z ainden/uoneso| eilawen

awi] abesn Okumm

aI1sse|D

U.S. Patent

NOILVZILHOIdd FdNLVv3d FIvVMALdVYH
Ly 8inbi4




US 9,165,476 B2

Sheet 48 of 48

Oct. 20, 2015

U.S. Patent

/

Ae(dsip
pulysq Joxyeadsg

sAay |eoisAyd
0] sAoy Aeidsip Jo
BuloLiw 108.J1p ON

Joydepe Dy Jo ssleneq Ag palamod-
2ISNwW 91uM pue waopad ‘aonaeld 01 pssu noA BuiyiAiong-

Ae|d 0) spunos j1uaJlayip Jnoj Yum peojumop ddy 8al) sapnjoul-

SADY OANISUSS-ANIDOOA-

pedAsy luiw 80U Gz-

ped! 1o pod! Jo} dde souewlolad oueld pue pieogAay-
:sainjea

‘uoleIsyJom Bunew 21Snw e ojul pedl Jo
pod! JINOA SuLIoSUR) 18U] YOOP MSU B S| 05) Z oueld Uoj 8y

Ke|dsip s|geisnipy pJeogiey] A10S$900y JISNA ped!

8f a4nbi4



US 9,165,476 B2

1
PORTABLE PIANO KEYBOARD COMPUTER

CROSS REFERENCES TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Patent Application Ser. No. 61/609,196, entitled “Portable
Piano Keyboard Computer”, filed on Mar. 9, 2012, which is
hereby incorporated by reference as if set forth in full in this
application for all purposes.

FIELD OF THE INVENTION

This application is related in general to computer systems
and more specifically to a computer system that uses a piano-
type keyboard and display screen along with additional con-
trols to provide music related applications, utilities and other
functionality.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a piano keyboard with associated display
screen.

FIG. 2 shows a display screen overlaying the keys.

FIGS. 3-11 illustrate a piano keyboard with associated
display screen.

FIG. 12 shows a display screen overlaying the keys in two
different modes.

FIGS. 13-14 show how a speaker and associated function-
ality may be included.

FIG. 15 shows one usage scenario.

FIGS. 16-22 show function keys for Half Island or Full
Island configurations

FIGS. 23-27 show the speaker dock in various low profile
configurations

FIGS. 28-31 illustrate perforations patterns for the speaker
dock

FIGS. 32-35 show the speaker dock in various high profile
configurations

FIGS. 36-39 show example music SDK V1 API specifica-
tions

FIGS. 40-48 illustrate various usage scenarios and corre-
sponding system configurations.

DESCRIPTION OF EMBODIMENTS

A portable computing system that includes a piano-style
keyboard provides a system platform for musical applica-
tions. In a music tutorial application, a user follows the dis-
play of written musical notes as the music is played and each
played note is indicated at a first tempo. A visual indicator
above each key is turned on when that particular key should
be played in order to play along with the progressing music.
When the user sees the visual indicator then the user should
press the key in order to play a correct note. A tempo or speed
controller is provided so that the user can adjust the playback
faster or slower in order to have less or more time to select the
proper piano key to press.

In a particular embodiment, the tempo controller is a dedi-
cated physical slider at the left side of the piano keyboard. In
other embodiments a different dedicated controller can be
used. Or the tempo controller can be a soft controller that is
displayed on a display screen. The soft controller can be
manipulated with a touchscreen, touchpad; mouse, trackball,
pointing stick or other pointing device, voice commands, etc.

In a particular embodiment each note that is supposed to be
played next is shown with an image that is positioned on the
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2

display screen. The display screen abuts next to or is adjacent
to or otherwise in proximity to the piano keys. The display
screen extends to substantially the full width of the piano
keyboard so that an image cue to press a key can be shown
immediately above the correct key to be played. In other
embodiments, other keyboard/display arrangements are pos-
sible such as by having the display positioned below (i.e.,
between the user and the keyboard), using a projection dis-
play, not having the display run the full length of the key-
board, etc. Other variations are possible. See FIGS. 1-11. See,
also, FIG. 12 showing the screen overlaying the keys for
purposes of illustrating the correspondence of the graphics on
the screen to the keys. The upper portion (A) of FIG. 12 shows
a Traditional Learning Mode, which has the same learning
functionality as GarageBand™ but improved overall user
experience, with a multi-touch user interface and a cloud-
based information display, such as tweets and Facebook™
updates from the user’s own social graphs. The lower portion
(B) of FIG. 12 shows an Interactive Learning or Game Mode,
which has similar functionality as that of FingerPiano™ for
10S. However, using the Tempo Slider 1320 will help the user
to slow down the learning pace, the multi-touch user interface
helping the user to navigate the system easily while focusing
on practice.

Ina particular embodiment, the image cues move vertically
from a point farther away from the keys to a point close to the
keys and then disappear. When the image cue is at a point
close to its respective key then that key is supposed to be
pressed or played by the user. See FIGS. 1-11. See, also, FIG.
12 showing the screen overlaying the keys only for purposes
of illustrating the correspondence of the graphics on the
screen to the keys.

Another embodiment provides music visualization. When
a key is pressed on the piano keyboard a visual effect takes
place (1) in proximity to the key and (2) in association with
the note (or tone) being played. For example, a particular
visualization creates colored bubbles that emanate slowly
from a point vertically in-line with the key being played. The
characteristics of the bubbles can correspond to the charac-
teristics of the note played. For example, the force and dura-
tion of the keypress can cause the bubbles to move more
rapidly or to be larger, respectively. In a preferred embodi-
ment, some characteristics of the visual image such as the
color and starting position are always the same for a same key
being played. In other embodiments many other variations
are possible. Different shapes and animations can be used.
The visualizations need not always match up with a given key.

In another embodiment, the piano keyboard computer can
act as a controller for other musical devices. On-screen soft
controllers on the piano keyboard computer’s display screen
can be used to control functions on other devices such as a
music application running on another computer. Functions
such as modulation, velocity and pitch bend can be assigned
to a soft controller in the piano keyboard computer and con-
trolled via a wired or wireless protocol (e.g., Bluetooth, wifi,
etc.).

Another embodiment includes a docking area below the
piano keys. This is a relatively open area so that additional
hardware devices such as a speaker or speakers, hardware
controllers (e.g., sliders, buttons, modulation wheel, etc.) can
be placed on or attached to the piano keyboard computer. In
one embodiment the added devices can electrically connect to
the piano keyboard computer by hardwired connectors. In
another embodiment the communication between the added
devices and the piano keyboard computer can be by wireless
protocol. See FIGS. 13-35.
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Yet another embodiment provides a Software Develop-
ment Toolkit (SDK) and Application Program Interface (API)
that allows different systems and processes to communicate
while also maintaining very low latency (i.e., fast response
and processing times). Such low latency is often critical in
music applications where small delays can affect the integrity
of'playing a performance or the art of creating a composition.
Various functions of the SDK and API are shown including
the use of callback routines to handle resource and processing
requests. See FIGS. 36-40.

A further understanding of the nature and the advantages of
particular embodiments disclosed herein may be realized by
reference to the remaining portions of the specification and
drawings. FIGS. 40-48 in particular illustrate various usage
scenarios and corresponding system configurations.

Although the description has been described with respect
to particular embodiments thereof, these particular embodi-
ments are merely illustrative, and not restrictive of the inven-
tion, the scope of which is to be determined by the claims.

Any suitable programming language can be used to imple-
ment the routines of particular embodiments including C,
C++, Java, assembly language, etc. Different programming
techniques can be employed such as procedural or object
oriented. The routines can execute on a single processing
device or multiple processors. Although the steps, operations,
or computations may be presented in a specific order, this
order may be changed in different particular embodiments. In
some particular embodiments, multiple steps shown as
sequential in this specification can be performed at the same
time.

Particular embodiments may be implemented in a com-
puter-readable storage medium for use by or in connection
with the instruction execution system, apparatus, system, or
device. Particular embodiments can be implemented in the
form of control logic in software or hardware or a combina-
tion of both. The control logic, when executed by one or more
processors, may be operable to perform that which is
described in particular embodiments.

Particular embodiments may be implemented by using a
programmed general purpose digital computer, by using
application specific integrated circuits, programmable logic
devices, field programmable gate arrays, optical, chemical,
biological, quantum or nanoengineered systems, components
and mechanisms may be used. In general, the functions of
particular embodiments can be achieved by any means as is
known in the art. Distributed, networked systems, compo-
nents, and/or circuits can be used. Communication, or trans-
fer, of data may be wired, wireless, or by any other means.

It will also be appreciated that one or more of the elements
depicted in the drawings/figures can also be implemented in a
more separated or integrated manner, or even removed or
rendered as inoperable in certain cases, as is useful in accor-
dance with a particular application. It is also within the spirit
and scope to implement a program or code that can be stored
in a machine-readable medium to permit a computer to per-
form any of the methods described above.

A “processor” includes any suitable hardware and/or soft-
ware system, mechanism or component that processes data,
signals or other information. A processor can include a sys-
tem with a general-purpose central processing unit, multiple
processing units, dedicated circuitry for achieving function-
ality, or other systems. Processing need not be limited to a
geographic location, or have temporal limitations. For
example, a processor can perform its functions in “real time,”
“offline,” in a “batch mode,” etc. Portions of processing can
be performed at different times and at different locations, by
different (or the same) processing systems. A computer may
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be any processor in communication with a memory. The
memory may be any suitable processor-readable storage
medium, such as random-access memory (RAM), read-only
memory (ROM), magnetic or optical disk, or other tangible
media suitable for storing instructions for execution by the
processor.

Asused in the description herein and throughout the claims
that follow, “a”, “an”, and “the” includes plural references
unless the context clearly dictates otherwise. Also, as used in
the description herein and throughout the claims that follow,
the meaning of “in” includes “in”” and “on” unless the context
clearly dictates otherwise.

Thus, while particular embodiments have been described
herein, latitudes of modification, various changes, and sub-
stitutions are intended in the foregoing disclosures, and it will
be appreciated that in some instances some features of par-
ticular embodiments will be employed without a correspond-
ing use of other features without departing from the scope and
spirit as set forth. Therefore, many modifications may be
made to adapt a particular situation or material to the essential
scope and spirit.

We claim:

1. A method for providing a music tutorial, the method
executing on a computer system including a display screen
adjacent to a piano-type keyboard, the method comprising the
following acts performed by one or more digital processors:

playing back a musical composition;

displaying an image cue on the display screen to prompt a
user to press a key on the keyboard;

determining if the prompted key has been pressed; and

inresponse to the determining, displaying a visual effect on
the display screen, wherein a first visual characteristic of
the displayed visual effect is independent of any char-
acteristic of the pressing other than the identity of the
pressed key.

2. A method for providing a music visualization, the
method executing on a computer system including a display
screen adjacent to a piano-type keyboard, the method com-
prising the following acts performed by one or more digital
processors:

determining when a key on the piano-type keyboard has
been pressed; and

in response to the determining, displaying on the display
screen a visualization associated with the pressed key,
wherein the visualization is displayed in spatial associa-
tion with the pressed key, and wherein a visual charac-
teristic of the visualization is independent of any char-
acteristic of the pressing other than the identity of the
pressed key.

3. The method of claim 2, wherein the spatial association
includes displaying the visualization above, and in vertical
alignment with, the pressed key.

4. An apparatus comprising:

a piano-type keyboard having a substantially flat top sur-

face;

a display screen adjacent to and above the keyboard;

one or more processors coupled to the keyboard and to the
display screen;

a substantially flat area adjacent to and below the top sur-
face of the keyboard for placing an additional device
comprising at least one of an audio speaker and an audio
controller; and

a processor-readable storage device including one or more
instructions executable by the processor for communi-
cating with the additional device;

wherein the additional device does not comprise the dis-
play screen.
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5. The method of claim 1, wherein the visual effect is
displayed in spatial association with the pressed key.

6. The method of claim 1, wherein a second visible char-
acteristic of the visual effect is determined by an audible
characteristic of the pressed key. 5

7. The method of claim 6, wherein one of the first visible
characteristic and the second visible characteristic is uniquely
associated with the pressed key.

8. The method of claim 6, wherein the audible character-
istic of the pressed key comprises one of the force and dura- 10
tion of the pressure exerted by the user on the pressed key.

9. The method of claim 8, wherein the second visible
characteristic comprises a rate of motion of the visual effect
across the display screen.

10. The method of claim 2, wherein a second visible char- 15
acteristic of the visual effect is determined by an audible
characteristic of the pressed key.

11. The method of claim 10, wherein the second visible
characteristic is uniquely associated with the pressed key.

12. The method of claim 10, wherein the audible charac- 20
teristic of the pressed key comprises one of the force and
duration of the pressure exerted by the user on the pressed key.

13. The method of claim 12, wherein the second visible
characteristic comprises a rate of motion of the visual effect
across the display screen. 25

14. The apparatus of claim 4, wherein the additional device
comprises a speaker.

15. The apparatus of claim 4, wherein the additional device
comprises a hardware controller.
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